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Abstract
Objectives

The primary objective was to examine trends in new HIV diagnoses in a UK area of high

HIV prevalence between 2000 and 2012 with respect to site of diagnosis and stage of

HIV infection.

Design

Single-centre observational cohort study.

Setting

An outpatient HIV department in a secondary care UK hospital.

Participants

1359 HIV-infected adults.

Main OutcomeMeasures

Demographic information (age, gender, ethnicity, and sexual orientation), site of initial HIV

diagnosis (Routine settings such as HIV/GUM clinics versus Non-Routine settings such as

primary care and community venues), stage of HIV infection, CD4 count and seroconver-

sion symptoms were collated for each participant.

Results

There was a significant increase in the proportion of new HIV diagnoses made in Non-Rou-

tine settings (from 27.0% in 2000 to 58.8% in 2012; p<0.001). Overall there was a decrease

in the rate of late diagnosis from 50.7% to 32.9% (p=0.001). Diagnosis of recent infection in-

creased from 23.0% to 47.1% (p=0.001). Of those with recent infection, significantly more
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patients were likely to report symptoms consistent with a seroconversion illness over the 13

years (17.6% to 65.0%; p<0.001).

Conclusions

This is the first study, we believe, to demonstrate significant improvements in HIV diagnosis

and a shift in diagnosis of HIV from HIV/GUM settings to primary practice and community

settings due to multiple initiatives.

Introduction
In 2011 there were an estimated 96,000 individuals in the UK infected with human immunode-
ficiency virus (HIV), of whom 24% were undiagnosed [1]. 47% of individuals were diagnosed
late—with a CD4 count of less than 350 cells/mm3 (the European consensus definition of late
presentation [2]); such late diagnosis is associated with a significant increase in mortality [3].
Undiagnosed infection is associated with greater risk of onward transmission [4], and late diag-
nosis with increased healthcare costs [5].

In order to reduce rates of undiagnosed HIV, the UK and other countries have introduced
multiple strategies to broaden HIV testing. British guidelines recommend routine testing in
acute general medicine and primary care in areas where local HIV prevalence is greater than
2/1000, and both the UK and European guidelines recommend the routine offer of a HIV test
for patients presenting with a clinical indicator disease [6,7]. Studies have shown that HIV-
infected individuals who test late have often presented to healthcare facilities on multiple occa-
sions within the last 2 years prior to their diagnosis, where the opportunity for a more timely
diagnosis has been missed [8].

It is increasingly recognised that older persons (usually defined as>50 years of age in the set-
ting of HIV infection) are a significant group affected by HIV: an increasing number of older in-
dividuals are acquiring HIV, older individuals have more rapid progression of HIV infection,
and immunological response to antiretroviral therapy (ART) may be suboptimal [9]. Current
testing initiatives are less effective in reducing late diagnosis rates in such older persons [10].

Brighton has a high prevalence of HIV (7.59/1000 2011 [1]) and the largest single-centre co-
hort of HIV-positive individuals in the UK outside London. Over the past 13 years, Brighton
has been an early implementer of newer approaches to HIV testing including routine testing in
antenatal care and genitourinary medicine (GUM). Brighton was also chosen by the Depart-
ment of Health as a pilot site for both community-based point of care testing, routine testing in
acute general medicine and primary care, and has initiated enhanced testing initiatives for pa-
tients who present with clinical indicator diseases.

Objectives
The main objectives of this study were:

• To examine trends over time of all new HIV diagnoses made in Brighton and Hove between
2000 and 2012 with respect to site of diagnosis and stage of HIV infection.

• To measure any association with age

Site of HIV Diagnosis Changes over Time
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Materials and Methods

Design
An observational single centre cohort study.

Subjects
Subjects were adult patients receiving their initial HIV diagnosis in Brighton and Hove between
2000 and 2012.

Setting
An outpatient specialist HIV department in secondary care.

Information was collated which had already been routinely collected as part of surveillance
from patient notes, the HIV clinic database and the laboratory results reporting system. Data
collated included site of initial HIV diagnosis, stage of HIV infection, age, gender, ethnicity,
and sexual orientation.

Subjects were included if they received their first documented HIV positive antibody result
and were seen for care in the HIV department at the Royal Sussex County Hospital in Brighton
between 2000 and 2012. Subjects were excluded if they had received care for HIV infection in
any other HIV healthcare setting prior to attendance at this treatment centre.

Testing in community sites and in the primary care pilot project used the Determine HIV-1/2
(Abbott Laboratories) point-of-care test (POCT). All those who tested positive by POCT required
confirmation by 4th generation venous blood testing. Community testing sites targeting men who
have sex with men included specific questioning of recent risk behaviour and/or symptoms con-
sistent with HIV seroconversion. If either of these were present and the POCT was negative, indi-
viduals were referred on to GUM services for repeat testing with a 4th generation test, as above.

Individuals were classified as being diagnosed late if their first CD4 count at HIV diagnosis
was less than 350 cells/mm3, and with advanced disease if their initial CD4 count was less than
200 cells/mm3 (consistent with the European Consensus definition of late HIV diagnosis [2]).
Individuals were classified as being diagnosed with recent HIV infection if they fulfilled the cri-
teria used by the Medical Research Council register of HIV seroconverters i.e. one or more of:
previous negative antibody test within 1 year, positive HIV antigen test and simultaneous nega-
tive antibody test, or incident infection as defined by the Recent Infection Testing Algorithm
(RITA) [11]. For those patients diagnosed with recent infection, information on symptoms
consistent with seroconversion were collected at their initial consultation [12]. The identifica-
tion of recent HIV infection/seroconversion was considered important as multiple studies have
suggested that this is a time of significantly enhanced risk of HIV transmission [13] and that
the opportunity for diagnosis is frequently missed [14].

Site of diagnosis was grouped according to those sites where testing has been recommended
nationally throughout the study period (Routine settings such as genitourinary medicine, ante-
natal care, blood transfusion), and those sites where newer initiatives have recommended test-
ing (Non-Routine settings such as primary care, community settings, medical outpatients, and
medical inpatients).

Our underlying hypothesis for performing this study was that by expanding HIV testing to
Non-Routine settings we would see a shift in the site of new HIV diagnoses.

Ethical approval
Prior to commencing the study we checked using the Health Research Authority / Medical Re-
search Council decision tool [15] according to which it was deemed unnecessary to gain ethics
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committee approval for this type of project which did not require randomization, did not re-
quire changing patient treatment, and utilized anonymous patient data that had already been
collected routinely as required for routine surveillance. Written informed consent was not
given by participants for their clinical records to be used in this study. Patient data was anon-
ymized and de-identified prior to analysis.

Statistical analysis
The data was analysed using SPSS (Statistical Package for the Social Sciences) 20. Proportions
were compared using chi-square or Fisher’s exact test. Trends over time were analysed using
Mann-Whitney test.

Results
Between 2000 and 2012, 1359 adult patients were newly diagnosed and seen for care in this
HIV department. The median age was 35 years (IQR 29–43); 85.0% were male, 77.1% were
white, and 87.0% of men identified themselves as men who have sex with men.

The location of diagnosis data is shown in Figs 1 and 2. This demonstrates a significant in-
crease in the proportion of new HIV diagnoses being made in Non-Routine settings (from
27.0% in 2000 to 58.8% in 2012; p<0.001), in particular, a steady and significant increase in di-
agnoses was made within primary care (2.7% to 21.2%; p<0.001). There was no significant
change in the proportion of new diagnoses made in either medical inpatients or outpatients
during the study time period.

Overall there was a decrease in the rate of late diagnosis from 50.7% to 32.9% (p = 0.001);
this observation was made in both Non-Routine settings from 89.5% to 42.0% (p<0.001) and
Routine settings from 37.0% to 20.0% (p = 0.018).

Recent infection increased from 23.0% to 47.1% (p = 0.001) during the study period; in
Non-Routine settings this increased from 15.0% to 40.0% (p<0.001) and in Routine settings
from 25.9% to 57.1% (p = 0.003). Of those with recent infection, over time significantly more

Fig 1. HIV diagnosis by location over time. A significant increase was seen in the proportion of new HIV
diagnoses being made in Non-Routine settings.

doi:10.1371/journal.pone.0124394.g001
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patients were likely to report symptoms consistent with a seroconversion illness (17.6% to
65.0%; p<0.001).

Of those individuals aged 50 years or over at the time of initial diagnosis (n = 159), the site
of diagnosis was primarily in Non-Routine settings and indeed increased within Non-Routine
settings from 55.6% to 100% (p<0.001) over the study period.

Discussion
A number of novel testing initiatives have led to a significant change in the site of new HIV di-
agnoses, an increasing proportion of which are now made in Non-Routine settings. We have
shown that multiple initiatives in primary care and community settings can improve the recog-
nition and diagnosis of HIV. In Brighton this has been achieved through the following:

• a designated HIV testing liaison health advisor post. This post was funded to assist non-
GUM physicians in primary and secondary care with the offering of HIV testing, results giv-
ing, post-test discussion and linkage into specialist HIV care

• a specific HIV educational course aimed at primary care physicians and nurses including
training around recognition of indicator diseases

• specific work with individual specialties to increase recognition of indicator diseases

• simplification of testing processes to enable non-GUM physicians to offer a brief and effec-
tive pre-test discussion and offer testing as part of a routine consultation

• co-working with community-based organisations to improve testing in outreach settings, for
example rapid HIV testing in a community-based headquarters and sex on premises venues.

Encouragingly, our data demonstrates that it is possible to improve the detection of recent
HIV infection, which should have a significant impact on the risk of onward HIV transmission
from a public health perspective. The data also suggests that seroconversion symptoms are
more likely to be reported by patients over time and also that the increase in new diagnoses of
recent infection are primarily in Non-Routine settings, supporting the need for a strong and
sustained educational message to support both patients and clinicians in recognising the symp-
toms and signs of early HIV infection.

Fig 2. Non-Routine HIV diagnosis by location over time.Within the Non-Routine settings, a steady and
significant increase in diagnoses was made within primary care and community settings.

doi:10.1371/journal.pone.0124394.g002
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During the study period, POCTs for HIV were used uniformly in all community settings
and during the initial six-month pilot of testing in primary care, as well as in specific clinical
scenarios where an immediate test result was required, for example if a female of unknown an-
tenatal HIV status presented in labour. During the study period, 43 new diagnoses were made
using POCTs (41 in community settings, and 2 in primary care). The requirement for immedi-
ate linkage to care and confirmatory testing in all individuals who had a reactive POCT ensured
that there were no “false positive”HIV diagnoses given to patients. Testing programmes that
adopt POCTs for HIV need to take into account the risk of false reactive tests, particularly
when used in a low prevalence setting [16]. Conversely, recommending that individuals report-
ing recent high-risk behaviour or seroconversion symptoms undergo additional or repeat test-
ing if the initial POCT is non-reactive, reduced the risk of missing acute infection. This is of
particular importance given the disproportionate contribution of these individuals to onward
transmission [17]. Our findings therefore suggest that the addition of POCT in settings where
venepuncture may otherwise inhibit testing can form part of a programme to enhance HIV
testing, as long as the caveats of false reactive tests and the potential for missed primary infec-
tion are integral to the care pathway.

Including data from this cohort, it is increasingly recognized that HIV is affecting older in-
dividuals, that older individuals are increasingly being newly infected with HIV and that they
are disproportionately diagnosed late [1,10]. This study also reports that such individuals are
far less likely to present to Routine settings and therefore Non-Routine settings, particularly
primary care and non-specialist secondary care, need to be aware of the possibility of undiag-
nosed HIV infection in older persons. Clinical indicator diseases, as listed by the British and
European guidelines [6,7], must be an indication for testing irrespective of age.

Despite these efforts, late diagnosis continues to be a significant issue. This is of major con-
cern given that much HIV-related morbidity and mortality is associated with late diagnosis.
We have demonstrated that improvements in testing have occurred in primary care and com-
munity settings but there has been little or no change in secondary care. Given that many indi-
viduals presenting with a late HIV diagnosis are known to have presented to secondary care in
the recent past, there remains a significant challenge in engaging and educating non-HIV clini-
cians to recognise HIV indicator diseases and in normalising the process of HIV testing. It is of
note that all of the recent HIV testing pilot studies have shown that patient acceptability to-
wards testing has been extremely high and that the major barrier to routine testing has been
the reluctance of clinicians to offer the test [18].

The strengths of our data are that it is from a high prevalence area, where HIV testing and
clinical management are from one unit, the data is complete, patient follow-up is confirmed,
and that demographic and clinical data were collected prospectively. The limitations are that
our cohort is not entirely representative of that within the UK, being predominantly men who
have sex with men, although this is the major group where onward transmission is occurring.

Recommendations
Amultifaceted and multidisciplinary approach to HIV testing can significantly increase HIV
testing in Non-Routine settings.

A combination of patient education and clinician education can improve the recognition of
primary HIV infection, which may have a significant impact on the HIV epidemic.

Recognition of HIV clinical indicator diseases should be a routine component of undergrad-
uate and postgraduate general medical training.

The process of HIV testing and the informed consent process needs to be re-addressed in
recognition of current testing guidelines and GMC guidance.

Site of HIV Diagnosis Changes over Time

PLOSONE | DOI:10.1371/journal.pone.0124394 April 17, 2015 6 / 7



Author Contributions
Conceived and designed the experiments: SS PMMF. Performed the experiments: PM SS ES.
Analyzed the data: PM SS SG MF. Contributed reagents/materials/analysis tools: PM SS SG ES
JR MF. Wrote the paper: PM SS SG ES JR MF.

References
1. Health Protection Agency. HIV in the United Kingdom: 2012 Report. London Health Protection Ser-

vices. 2012. Available: http://www.hpa.org.uk/Publications/InfectiousDiseases/HIVAndSTIs/
1211HIVintheUK2012/. Accessed 18 February 2014.

2. Antinori A, Coenen T, Costagiola D, Dedes N, Ellefson M, Gatell J, et al. Late presentation of HIV infec-
tion: a consensus definition. HIV Med. 2011; 12: 61–64. doi: 10.1111/j.1468-1293.2010.00857.x PMID:
20561080

3. Moreno S, Mocroft A, Monforte AD. Medical and societal consequences of late presentation. Antivir
Ther. 2010; 15 (Suppl 1): 9–15. doi: 10.3851/IMP1523 PMID: 20442456

4. Marks G, Crepaz N, Janssen RS. Estimating sexual transmission of HIV from persons aware and un-
aware that they are infected with the virus in the USA. AIDS. 2006; 20: 1447–1450. PMID: 16791020

5. Krentz HB, Gill MJ. The direct medical costs of late presentation (<350/mm3) of HIV infection over a
15-year period. AIDS Res Treat. 2012; 2012: 757135. doi: 10.1155/2012/757135 PMID: 21904673

6. British HIV Association, British Association of Sexual Health and HIV, British Infection Society. UK na-
tional guidelines for HIV testing 2008. London: British HIV Association. 2008. Available: http://www.
bhiva.org/documents/guidelines/testing/glineshivtest08.pdf Accessed 18 February 2014.

7. Raben D, Sullivan A, Salminen M, Delpech V, Radcliffe K, Sabin ML, et al. HIV indicator conditions:
guidance for implementing HIV testing in adults in health care settings. 2012. Available: http://issuu.
com/kandrup/docs/chip_guidance?e=4233206/1998749 Accessed 18 February 2014.

8. Ellis S, Curtis H, Ong EL. HIV diagnoses and missed opportunities. Results from the British HIV Associ-
ation (BHIVA) national audit 2010. Clin Med. 2012; 12: 430–434. PMID: 23101142

9. Creswell F, Fisher M. HIV and the ageing patient. HIV and AIDS. 2013; 41: 456–460.

10. Iwuji CC, Churchill D, Gilleece Y, Weiss HA, Fisher M. Older HIV-infected patients present late and
have higher a mortality: Brighton, UK cohort study. BMC Pub Health. 2013; 13: 397.

11. The UK Register of HIV Seroconverters: an observational study of HIV positive people whose date of
infection is known. Available: http://www.ctu.mrc.ac.uk/our_research/research_areas/hiv/studies/ukr/
Accessed 18 February 2014.

12. Schacker T, Collier AC, Hughes J, Shea T, Corey L. Clinical and epidemiologic features of primary HIV
infection. Ann Intern Med 1996; 125: 257–264. PMID: 8678387

13. Pilcher CD, Tien HC, Eron JJ Jr, Vernazza PL, Leu SY, Stewart PW, et al. Brief but efficient: acute HIV
infection and the sexual transmission of HIV. J Infect Dis. 2004; 189: 1785–1792. PMID: 15122514

14. Sudarshi D, Pao D, Murphy G, Parry J, Dean G, Fisher M. Missed opportunities for diagnosing HIV in-
fection. Sex Transm Infect. 2008; 84: 14–16. PMID: 17971369

15. NHS Health Research Authority, Medical Research Council (2013) Decision tools. Available: http://hra-
decisiontools.org.uk/ethics/. Accessed 6 July 2013.

16. Gray RH, Makumbi F, Serwadda D, Lutalo T, Nalugoda F, Opendi F, et al. Limitations of rapid HIV-1
tests during screening for trials in Uganda: diagnostic test accuracy study. BMJ. 2007; 335: 188. PMID:
17545184

17. Fisher M, Pao D, Brown AE, Sudarshi D, Gill ON, Cane P, et al. Determinants of HIV-1 transmission in
men who have sex with men: a combined clinical, epidemiological and phylogenetic approach. AIDS.
2010; 24: 1739–1947. doi: 10.1097/QAD.0b013e32833ac9e6 PMID: 20588173

18. Health Protection Agency. Time to test for HIV: expanding HIV testing in healthcare and community set-
tings in England. London Health Protection Agency. 2011. Available: http://www.bhiva.org/documents/
Publications/Time_to_test_final_report__Sept_2011.pdf. Accessed 18 February 2014.

Site of HIV Diagnosis Changes over Time

PLOSONE | DOI:10.1371/journal.pone.0124394 April 17, 2015 7 / 7

http://www.hpa.org.uk/Publications/InfectiousDiseases/HIVAndSTIs/1211HIVintheUK2012/
http://www.hpa.org.uk/Publications/InfectiousDiseases/HIVAndSTIs/1211HIVintheUK2012/
http://dx.doi.org/10.1111/j.1468-1293.2010.00857.x
http://www.ncbi.nlm.nih.gov/pubmed/20561080
http://dx.doi.org/10.3851/IMP1523
http://www.ncbi.nlm.nih.gov/pubmed/20442456
http://www.ncbi.nlm.nih.gov/pubmed/16791020
http://dx.doi.org/10.1155/2012/757135
http://www.ncbi.nlm.nih.gov/pubmed/21904673
http://www.bhiva.org/documents/guidelines/testing/glineshivtest08.pdf
http://www.bhiva.org/documents/guidelines/testing/glineshivtest08.pdf
http://issuu.com/kandrup/docs/chip_guidance?e=4233206/1998749
http://issuu.com/kandrup/docs/chip_guidance?e=4233206/1998749
http://www.ncbi.nlm.nih.gov/pubmed/23101142
http://www.ctu.mrc.ac.uk/our_research/research_areas/hiv/studies/ukr/
http://www.ncbi.nlm.nih.gov/pubmed/8678387
http://www.ncbi.nlm.nih.gov/pubmed/15122514
http://www.ncbi.nlm.nih.gov/pubmed/17971369
http://hra-decisiontools.org.uk/ethics/
http://hra-decisiontools.org.uk/ethics/
http://www.ncbi.nlm.nih.gov/pubmed/17545184
http://dx.doi.org/10.1097/QAD.0b013e32833ac9e6
http://www.ncbi.nlm.nih.gov/pubmed/20588173
http://www.bhiva.org/documents/Publications/Time_to_test_final_report__Sept_2011.pdf
http://www.bhiva.org/documents/Publications/Time_to_test_final_report__Sept_2011.pdf

